Purpose: This study aims to report the clinical features of an infant with CGL in a Chinese Zhuang ethnic family, whose family members were discovered to carry new pathogenic mutations in the BSCL2. Patients and methods: In this study, we report clinical and molecular investigations of CGL disease in a family of 4 members (parents and two sons). We used whole exome sequencing (WES) in the family to examine the genetic cause of the disease. Results: The proband presented with skin pigmentation, hypertriglyceridemia and diabetes. WES identified a previously unreported compound heterozygous mutation in the BSCL2 (c.545_546insCCG heterozygous mutation and exon 3 heterozygous deletion) in the proband. His mother is a heterozygous carrier of the c.545_546insCCG mutation and his father and brother are carriers of the exon 3 heterozygous deletion. Conclusion: Compound heterozygous mutation of the BSCL2 (new c.545_546insCCG heterozygous mutation and new exon 3 heterozygous deletion) was detected in the proband with characteristic clinical manifestations of CGL2.
Introduction
Congenital generalized lipodystrophy (CGL), also known as Berardinelli-Seip congenital lipodystrophy (BSCL), is an autosomal recessive disorder characterized by a neartotal loss of adipose tissue, severe hypertriglyceridemia, insulin resistance, and fatty liver. [1] [2] [3] CGL was first reported by Berardinelli from Brazil and Seip from Scandinavia in the 1950s. 4, 5 Patients have since been reported worldwide, including patients of African, European, Middle Eastern, Native American, and Latino descent. 6 Currently, the disease is classified into four subtypes (CGL1-4) based on the clinical characteristics and genetic mutations in four genes: AGPAT2 (CGL1), 7 BSCL2 (CGL2), 2 CAV1
(CGL3), 8 and PTRF (CGL4) 9 CGL2 have been reported in patients of various ethnicities, including patients from Europe, Mediterranean and Middle Eastern Arabs, and Japanese. [10] [11] [12] [13] [14] The worldwide prevalence of CGL is estimated to be 1 in 10 million population and 95% of cases are CGL1 or CGL2. 15 Here, we report the clinical features of an infant with CGL in a Chinese Zhuang ethnic family. Whole exome sequencing (WES) analysis of the patient and family members discovered new pathogenic mutations in the BSCL2.
Materials And Methods
The study was approved by the Ethics Committee of the First Affiliated Hospital of Guangxi Medical University in People's Republic of China. We have received written consent from the patient's parents for the case details to be published. The proband of the study was a 3-month-old boy of Zhuang ethnicity from Nanning, Guangxi Zhuang Autonomous Region, People's Republic of China. He was hospitalized for skin pigmentation and diarrhea. The mother stated that the skin pigmentation was found at 1 month after birth and the diarrhea occurred 1 month prior to the hospitalization. There was a prominent white spot on the forehead and both sides of the mandible, separately, and then the spots spontaneously receded, but the body skin pigmentation gradually increased, accompanied by feeding difficulties. At the time of admission in the hospital, the proband presented with malnutrition, emaciation，pigmentation of the entire body, abdomen distension, and umbilical protrusion. 
Results

Clinical Evaluation
The laboratory test results of the proband and his family are shown in Table 1 . The proband's parents were not consanguineous, no family history of disease and no history of intrauterine infection. The patient appeared lean since 1 month of age and had poor weight in early infancy. He presented with skin pigmentation at 2 months old, especially in the face.
Mutational Analysis
WES analysis revealed a new compound heterozygous mutation in the BSCL2 of the proband (c.545_546insCCG heterozygous mutation and exon 3 heterozygous deletion). The c.545_546insCCG mutation was predicted to cause deletion of Glu and insertion of AspArg residues at position 182 of the BSCL2 protein. His mother was a heterozygous carrier of the c.545_546insCCG mutation and his father and brother were carriers of the exon 3 heterozygous deletion, as shown in Figure 1 . droplet accumulation in non-adipocytes, while promoting adipogenesis during periods of excess energy storage. 17 Seipin deficiency leads to abnormal differentiation and development of adipose tissue. 19 Seipin deficiency results in lipodystrophy in human and mouse. 19, 20 Patients with homozygous or compound heterozygous loss of function mutations in BSCL2 showed the most severe CGL2 type. At present, nearly three-quarters of the reported mutations in BSCL2 of patients with CGL2 are null, remainders are missense mutations. 2, 21 Individuals with CGL2 are usually recognized at birth or shortly after birth because they have almost no fat at all. Late features include insulin resistance, hypertriglyceridemia, fatty liver, and early onset of diabetes. The prevalence of mild to moderate mental retardation is high. Other features include acanthosis nigricans, hepatomegaly, hyperandrogenism, and skeletal muscle hypertrophy. 2 The proband reported here has characteristic phenotypes of CGL 2, including a near-total lack of body fat, hypertriglyceridemia, early onset of diabetes, mild intellectual impairment, acanthosis nigricans, and hepatomegaly. Schuster et al 22 identified a Pakistani family with autosomal recessive phenotype, which was characterized by muscle hypertrophy, mild mental retardation, and skeletal abnormalities, using WES to bypass the missing clinical data. WES analysis of the family revealed a mutation in the receptor splicing site of intron 5 in the BSCL2 (c.574-2A > G) and Note: *represents multiplication (×). Abbreviations: CGL, congenital generalized lipodystrophy; BSCL, Berardinelli-Seip congenital lipodystrophy; WES, whole exome sequencing; RBC, routine blood analysis: red blood cells; Hb, hemoglobin; WBC, white blood cells; FBG, fasting blood glucose; Na, sodium. Fe, ferrum; TG, triglyceride; WBC, white blood count; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TC, serum total cholesterol; HDL-C, high-density lipoprotein-C; LDL-C, low-density lipoprotein-C; LD, lactate dehydrogenase. gene expression analysis revealed that the mutation was associated with skipping of exon 6. Gomes et al 23 found that 669insA mutation in exon 4 of BSCL2 was considered to be the main genetic change leading to BSCL in 22 patients from Greater Pradesh in northeastern Brazil. In this study, two new mutations in the BSCL2 (c.545_546insCCG and exon 3 heterozygous deletion) were found in a Chinese Zhuang ethnic family with compound heterozygous mutations in the proband. We speculate that this compound heterozygous mutation may significantly reduce seipin protein activity and induce lipodystrophy, hypertriglyceridemia, and early onset of diabetes. The biochemical mechanism of different lipid droplets caused by which BSCL2 mutation remains unclear. Recent studies have used the BSCL2 knockout mouse models to summarize the phenotype of human CGL2 and to observe changes in adipose tissue metabolism in mice. 24 Chen et al 25 found that knockdown of BSCL2 mice develops severe lipodystrophy of white adipose tissue, dyslipidemia, insulin resistance, and hepatic steatosis, and underscores the fundamental role of regulated cAMP/PKA-mediated lipolysis in adipose differentiation and identifies BSCL2 as a novel cell-autonomous determinant of activated lipolysis essential for terminal adipocyte differentiation. Seipin knockout mice resulted in adipocyte hypertrophy, lipid droplets increase, lipolysis decrease, adipose tissue inflammation, white and brown adipose tissue gradually decrease, insulin resistance, hepatic steatosis. 26 Magre et al 2 propose that BSCL2 may maintain a certain role in the formation of lipid droplets (intracellular storage of triglyceride organelles). Using BSCL2 knockout (Ad-mKO) mouse model, Zhou et al 27 found that deletion of BSCL2 could reduce obesity, prevent high fat diet-induced obesity, and reduce food intake and down-regulated expression of adipose β3-adrenergic receptor. These results suggest that BSCL2 regulates lipolysis of adipocytes and the production ofβ-adrenergic signals, which have complex effects on adipose tissue and energy balance in the whole body. In addition, Liu et al 26 showed that adiposespecific seipin knockout (ASKO) mice had hypertrophic adipocytes, increased lipid droplets, decreased lipolysis, inflammation of adipose tissue, progressive loss of white and brown adipose tissue, insulin resistance, and hepatic steatosis. Wang et al 28 found that seipin null mice were unable to respond appropriately to long-term fasting and developed postprandial hypertriglyceridemia. Impaired very low-density lipoprotein (VLDL) secretion and enhanced triglyceride-rich lipoproteins (TRL) clearance were also observed in the seipin null mice.
CGL treatment should focus on improving insulin resistance and metabolic disturbance. The treatment of congenital total body lipid dystrophy includes drug therapy, diet control, prevention of complications, and related rehabilitation therapy. Current drug treatment for CGL includes leptin, thiazolidinediones (TZDs), metformin, and fibroblast growth factor 21 (FGF21). At present, the treatment of CGL in People's Republic of China is mostly based on insulin hypoglycemic therapy and blood lipid control. Early diagnosis of pathophysiology and early identification of genetic mutations can help us better treat the disease, reduce complications, and improve the quality of life of the patients. 29 
Conclusion
We present here the identification of two new CGL-associated mutations in BSCL2 using WES analysis. The clinical features of our patients are characteristics of CGL2 phenotype. Our finding extends the evidence for the role of BSCL2 in severe lipodystrophy phenotype. Understanding the molecular defects of BSCL2 in CGL2 patients can be helpful in the genetic counseling and prenatal diagnosis of affected families and may help to improve specific therapeutic interventions.
